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REMARKS 

Claims 1 -14 as ameaded by the Article 34 annexes during the International Phase have been 
cancelled and new claims 15-30 added Thus, claims 15-30 are presented for examination. Applicant 
respect&lly requests allowance of the present application in view of the foregoing amendments. 

Jn the International phase of this PCT {^plication amended sheets regarding the claims have 
been filed. The amendments in the International phase are hereby incorporated by reference in their 
entkety in the present Preliminary Amendment and also filed on separate sheets herewith as original ly 
filed and along with .an English translation document 

The amendments are not made for purposes of patentability. 

A substitute specification incorporating the changes m this preliminary amendment has 
akeady been provided with this application. A marked-up version thereof is herewith provided. No new 
matter has been added by way of the substitute specification. 

Conclusion 

The commissioner is hereby authorized to charge any appropriate fees due in connection with 
this paper, including the fees specified in 37 C.F.R. §§ 1.16 (c), 1.17(a)(1) and 1.20(d), or credit any 
overpayments to Deposit Account No. 19-2179. 



Dated: ^^(f^QG 

Siem^ Corporation 
Intellectual property Department 
170 Wood Avenue South 
Iselin, New Jersey 08830 
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Oesoription 

FUEL INJECTION SYSTEM AND METHOD FOR DETERMINING 
THE FEED PRESSURE OF A FUEL PUMP 

CROSS REFERENCE TO RELATED APPLICATIONS 
[0001] This application claims priority to the Gennan application No. 10300929.9, filed 
January 13. 2003 and to the International Application No, PCT/DE2003/003579, filed 
October 28. 2003 which are incorporated by reference herein in their entirety. 

FIELD & BACKGROUND OF INVENTION 
[0002] The invention relates to a fiiel injection system with a fuel reservoir to which fuel is 
fed via at least one first pump and ficom which fuel is discharged via injectors. 

[0003] The invention further relates to a method for determuung the feed pressure of a first 
pump of a fuel injection system which features a fuel reservoir, to which fiiel is fed via at least 
a first pump and bom which fuel is discharged via injectors. 

SUMMARY OF INVENTION 
[0004] In the generic fuel injection system for intemal combustion eatigines the fuel is fed with 
at least one pump &om the tank into a fUel reservoir, a process also referred to as the fuel traiL 
Via iiy ectors connected to the fiiel reservoir the fuel mass is brought firom the fuel reserv oir 
into the combustion chamber or into iat least one vacuum pipe of the intemal combustion 
engine. To enable the fiiel mass fed in to be injected, the injectors are opened for a defined 
period. The feed pressure of the pump must be high enough to enable a cavitation through 
vaporization of fiiel in the system to be avoided, with the pressure at which the fiiel vaporizes 
essentially depending on the fuel temperature and the vaporization behavior of flie fiiel Even 
if the fiiel temperature is employed for determining the required value for the feed pressure it 
is still necessary, to ensure that a cavitation is avoided, to provide an appropriate reserve in 
flie fiiel pressure for fiiel with a high tendency to vaporization, for example for winter fiiels or 
what are known as "worst-case fiiels". 
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[00051 i^An object of the invention is to develop thcgoricrie a fuel injection system and ftte 
geoerie a method such that the energy consumption for driving the pump and thereby the fuel 
consumption is reduced while still avoiding a cavitation through vaporization of fuel. 

[0006] This object is achieved by foaturos of the Indopondc^ t the claims. 

[0007] Advantageous embodiments and developments of the invention are produced by the 
dependent claims. 

[0008] The fiiel injection system in accordance with the invention builds on the generic prior 
art by adjusting the feed pressure of the first pump as a fimction of the fuel tempemture and 
the vaporization behavior of the fuel. Since with this solution the current &el charactpristics 
are included in the feed pressure or in the calculation of the required value for the feed 
pressure respectively, it is no longer necessary to provide a corresponding reserve in the fuel 
pressure for fuel with a greater tendency to vaporize, for example the winter fiiels or the 
worst-case fiiels mentioned above, so that tihe energy consimiption of the pump and thereby 
the fuel consumption can be reduced overall. 

[0009] With preferred embodiments of the fuel injection system in accordance with th e 
invention there is further provision for the feed pressure of the first pump to be set to a 
minimum value, in which a cavitation through vaporization of fuel is avoided. This reduces 
the energy consun4)tion of the pnmp as much as possible. 

[00010] In preferred further developments of the fuel injection system in accordance 

witfi tile invention there is provision for the feed pressure of the first pump to be set by a 

control and/or regulation device ^ch activates the first pmnp. In the case of a regulation 

device a fuel pressure sensor is prefembly provided behind flie pump, said sensor supplying an 

actual &el pressure value or a corresponding signal which is fed to the control and/or 

regulation device. The latter calculates a required fuel pressure value as a function of the fuel 

temperature and the vaporization behavior of the fuel. In tiiis case the fuel temperature can for 

exan4)le be determined using a fixel temperature model and the vaporization behavior of the 

fiiel can be determined by adapting the starting vplume, a concept will be explained later in 

this document Based on a comparison of the actual fiiel pressure value and the required fuel 

pressure value, a suitable pump control process can then be calculated 
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[00011] As already explained, there can be provision with specific embodiments of the 
fiiel injection system in accordance with the invention for flie control and^or regulation device 
to determine the fuel temperature by modelling. For example sensors which are used in any 
event to record the temperatures, for example the coolant temperature and so forth, can 
determine the fuel temperature at a particular time. 

[00012] Ahematively embodiments of the fiiel injection system in accordance with the 
invention are considered in which there is provision for the fiiel t^pemture recorded by a 
temperature sensor to be fed to the control and/or regulation device. In this case it is 
advantageous for the temperature sensor to record the fuel ten4)erature behind the pump. 

[00013] Furthermore embodiments of the fuel injection system in accordance with the 
invention are considered in which tiiere is provision for the control and/or regulation device to 
determine the vaporization behavior of the fuel through modelling. Modelling is preferred in 
this context because a direct determination of the vaporization behavior of the fuel in the 
motor vehicle is comparatively complex. The basic idea of the invention however includes a 
number of options for informing the control and/or regulation device about the vaporization 
behavior of die fiiel m die tank. 

[00014] Especially if the v^orization behavior of the fuel is determined by modelling, 
embodiments of the fuel injection system in accordance with the invention are considered in 
which there is provision for the vaporization behavior of the fuel to be determined using a fiiel 
volume adaptation algorithm. The fuel volume adiq)tation algorithm is provided in any event 
with many generic fuel injection systems to set the volume of the fiiel injected Since the 
volume of the fuel to be injected also depends on the vaporization behavior of the fiiel, dkect 
or indirect conclusions can be drawn in a particularly simple way about the vaporization 
behavior of the fiiel from tiie fiiel volume adaptation algorithm. 

[00015] In addition or as an alternative tiiere can be provision in the fuel injection 
system in accordance with the invention for a Lambda probe output signal to be employed to 
determine the v^orization behavior of the fuel. If the same volume of fiiel with different 
vaporization behavior is injected, different Lambda probe signals are obtained. It is thus 

2002P18528WOUS Substitute Specification marked SOL.rtf 

3 

PAGE 19/23 * RCVD AT 4/18/2006 1:18:57 PM [Eastern Daylight Time] * 8VR:USPTO-EFXRF-1/20 * DNIS:2739824 * CSlO:407736644D * DURATiON (mm-ss):09-48 



APR. 1 8. 2006 1:33PM 407-736-6440 

200218528 



Na 3047 P. 20 



possible for example to provide performance data in which a conclusion can be drawn from 
die Lambda probe ou^t signal about the vaporization behavior of the fiiel. 

[OOOIQ With an especially prefenred embodiment of the fuel injection system in 
accordance with the invention there is provision for the first pump to be a low -pressure pvmp 
and for a second pump in the form of a high -ptcssure pump to be connected downstream fit>m 
the low-pressure pump. The high-pressure pump can especially be a high*pressure pump witb 
a controlled or regulated mass flow. 

[00017] The mettiod in accordance with the invention builds on the generic prior art in 
that the feed pressure of the first pump is s et as a function of the fiiel temperature and the 
v^orization behavior of the &el Through this solution the advantages of the fuel injection 
system in accordance with the invention are achieved in the same or in a similar way, with 
reference being made to the corresponding embodiments for execution of repetitions. 

[00018] The same then appUes analogously to the advantageous embodiments and 
further developments of the method in accordance with the invention specified below, with 
reference bdng made regarding these to the corresponding embodiments in connection with 
the fiiel injection system in accordance with the invention. 

[00019] With preferred embodiments of the mefliod m accordance with the invention 
there is provision for the feed pressure of the first pump to be set to a miniirmm value at which 
a cavitation through vaporization of fiiel is just avoided. 

[00020] Also with the inventive method there can be provision for the feed pressure of 
the first pump to be set by a control and/or regulation device which controls the first pump. 

[00021] Furfliermore specific embodiments of the method in accordance with the 
invention can provide for the fiiel temperature to be determined by modelling. 

[00022] Alternatively there can be provision with the method in accordance with the 
mvention for the fuel temperature to be recorded via a temperature sensor. 
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[00023] It is also preferred with the method in accordance with the invention for the 
vaporization behavior of the foel to be determined by modelling. 

[00024] In this case there can especially be provision for the vaporization behavior of 
the &6l to be determined using a fuel volume adaptation algorithm. 

[00025] A preferred further development of the method in accordance with the 
invention makes provision for a Lambda probe signal to be employed for determining the 
vaporization behavior of the fuel. 

[00026] It is also considered especially advantageous in connection with the inventive 
method for the first pump to be a low-pressure pump and for a second pump in the form of a 
high-pressure pump to be coimected downstream from the low-pressure pump, 

[00027] The invention esfpecially makes it possible to determine the necessary required 
value for the feed pressure of a low-pressure fuel pump such that a cavitation isQust) avoided. 
This can advantageously be done by modelling the fuel temperature on the basis of measured 
values or model values already present in the control and/or regulation device as well as by 
calculating in the adi^tation values, especially of the fuel start volume adaptadoa The start 
vohime ad^tation is a functionality which adapts the volume of fuel injected at the start as a 
Amotion of the vaporization behavior of the fuel. For example by reducing the required fuel 
pressure value in runup of a high-pressure pump to a mininniTP value fiiel saving can be 
achieved as a result of the reduced feed power of the 1 ow-pressure &el pump. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[00028] The invention is now explained by an example which refers to the enclosed 
drawings on the basis of a preferred embodiment 

(00029] The figures show: 

[00030] Figure 1 typical steam pressure curves for commercially-available fuel; 

[00031] Figure 2 a schematic diagram of an embodiment of the fuel injection 

system in accordance with the invention; and 

[00032] Figure 3 a flowchart which illustrates an embodiment of the method in 

accordance with the inventiorL 
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DETAILED DESCRIPTION OF INVENTION 
[00033] Figure 1 illustrates typical steam pressure curves of coimnercially-available 
fiiel. The diagram show, fiom top to bottom, the curves for what is referred to as a worst <iase- 
fiiel, a Europe-wide winter fuel and a Europe-wide summer fiiel. It cdn be seen fiiom the 
diagtam in Figure 1 that with worst-case fuel a higher pressure is required than with Europe - 
wide summer fuels in order to avoid a cavitation through vaporization of fuel. 

[00034] Figure 2 shows a schematic diagram of an embodiment of the fuel injection 
system in accordance with the invention. These types of injection system are also known as 
common rail injection systems. The fuel injection system shown features a rail or a fuel 
reservoir 10 to which a number of injectors 14 are assigned, via which the fuel can be injected 
fh)m the fuel reservoir 10 into the combustion chambers or a vacuum pipe of an internal 
combustion engine. The injectors 14 are controlled by a control and/or regulation device 16 in 
order to open for a period determined by the control and/or regulation device 1 6. The fiiel 
reservoir 10 is connected via a high-pressure line 28 with the output of a mass flow -regulated 
high-pressure pump 18. The suction side of the high-pressure pump 18 is connected via a low- 
pressure line to the outlet 26 of a low-pressure pump 12. The suction side of the low-pressure 
pump 1 2 is connected via a suction line 24 with a fuel tank 20 fix>m which fuel can be diawzL 
The feed pressure offhe low-pressure pump 12 is set by a control and/or regulation device 16. 
Furthermore the output signal of a pressure sensor 22 arranged in the low -pressure line 26 is 
fed to the control and/or regulation device 1 6. 

[00035] The control and/or regulation device 16 has available to'it models for 

detennining the fuel temperature and the vaporization behavior of the fuel present at the time 

in the fuel tank 20. These models can evaluate the output signal of sensors which are not 

shown but are stQl present however. Especially as regards the fuel temperature, it would 

alternatively be possible in a relatively simple way to provide a temperature sensor in or on 

the low pressure line 26. The control and/or regulation device 16 calculates a required feed 

pressure value on the basis of the fuel temperature and the vaporization behavior of the fuel 

and compares flais value with an actual value determined via the pressure sensor 22, to 

suitably adjust the feed pressure of the low -pressure pump 12 to the required feed pressure 

value. Where the fuel tank 20 contains fuel with a higher tendency to vaporization a higher 

value is produced for the required feed pressure value than in a case in which a fuel with 

lower tendency to vq)orization is contained in the fuel tank 20, In this way the required feed 
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pressure value can be kept to a minimum value at which a cavitation throu gh vaporization of 
fuel is just avoided Compared to known solutions Ihe energy required to drive the low - 
pressure pump 12 is reduced, which leads to savings in fuel. 

[00036] Figure 3 shows a flowchart v/bich illustrates an embodiment of the method in 
accordance with the invention. The method shown begins at step S 1 . In step S2 the fuel 
tempmtture is recorded by modelling. To this end the currmt fiiel temperature can be deduced 
in an especially advantageous way firom the coolant temperature which is known i n any event 
In step S3 the vaporization behavior of the fuel is recorded by modelling. The Lambda probe 
output signal can be employed for this purpose for example since diflFerent Lambda probe 
ouQ)ut signals are received if the same volume of fuel are inj ected with different vaporization 
behavior. In step S4 the feed pressure of the low-pressure pump is determined by performance 
data as a function of the fuel temperature and the vaporization behavior of the fuel, for 
example via performance data as shown in Figure 1 , The feed pressure of the low-pressure 
pump in this case is preferably defined such that a cavitation through vaporization of fuel is 
just avoided. The embodiment of the method in accordance with the invention shown ends 
with step S. 

[00037] The features of the invention disclosed in this description, in the drawings and 
in the claims, can be of importance both individually and in any combination for 
implementing the invention. 
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